We studied the nutrition removal, taxa and density of phytoplankton, concentration of chlorophyll-a (chl-a) of the monoculture constructed wetlands (CWs) planted with submerged macrophytes Hydrilla verticillata, Elodea nuttallii, Myriophyllum spicatum and Vallisneria natans to probe the nutrient and alga removal effects of the CWs. The CWs had significant differences (P < 0.01) in removing different nutrients, with E. nuttallii wetland having the highest removal rate of total phosphorus (TP), H. verticillata wetland having the highest removal rate of ammonia nitrogen (NH 4 -N) and M. spicatum wetland having the highest removal rate of chemical oxygen demand (COD Cr ). Removal rates of all the nutrients except COD Cr changed obviously with seasons. The concentrations of chl-a and the density of phytoplankton in the CWs also varied with seasons, with the values being significantly lower in winter than in summer (P < 0.01). E. nuttallii wetland had a significantly lower chl-a concentration than the other wetlands (P < 0.01). Macrophyte biomass was significantly different among these wetlands (P < 0.01). E. nuttallii wetland had higher inhibition ability on algae than the other three wetlands in summer (P < 0.05), and E. nuttallii and M. spicatum wetlands than H. verticillata and V. natans wetlands in winter (P < 0.05).
Introduction
Eutrophication and harmful alga bloom are the world's widespread environmental problems [1] . In recent decades, under global change and human disturbance the nitrogen and phosphorus nutrient pollution load is increasing, and algal blooms become more likely to occur [2] .
In a variety of measures for eutrophic water restoration, the methods of using aquatic plants, with its good purification effect, unique economic efficiency, low energy consumption, simple and feasible, and ecological benefits, are increasingly attracting people's attention [3] . Constructed wetlands (CWs) have numerous advantages, such as low construction and running costs, good removal efficiency, low energy consumption and good landscape effects, so the CWs with aquatic plants have become one of the feasible ways to process various kinds of eutrophic water, living and industrial wastewater [4] .
Wetland plants are an important part of the CWs, including emerging plants, floating plants and submerged plants, which play an important role in purifying wastewater [5] . At present emerging plants are the most widely researched and applied plants in CWs; floating plants are widely used to remove nitrogen and phosphorus and improve the efficiency of stabilization ponds, but research and application of CWs consisting submerged plants are still scarce. A large number of experiments showed that restoration of aquatic plants and the construction of the grass type lake ecosystem are widely considered to be effective means for eutrophic water restoration [6] , and the restoration of submerged plants in eutrophic waters has become one of the key contents of water ecology research [7] .
Submerged plants are the main primary producers in aquatic ecosystems, and play an important role in regulating the ecological balance of water ecosystem [6] . Submerged plants absorb nitrogen and phosphorus in water and sediment, and inhibit the growth of algae through compete growth resources [8] [9] . Tanaka et al. found that the CWs vegetated with submerged plants had quite high removal rates of COD Cr [9] , NH 4 -H, total suspended solids and TP. At the same time many submerged plants can produce allelochemicals to kill or inhibit algae in the water [10] [11] . Submerged plants can also supply a large surface area for macrozooplankton adhesion, feeding a large number of phytoplankton, which thus can control alga population indirectly [12] . Submerged plants can realize the purification of water through adsorption of biological and nonbiological suspended materials in water, improve water transparency and increase the dissolved oxygen of water [13] [14] . Science the 80s of the twentieth century, the reconstruction of submerged plant communities and the restoration of aquatic ecosystem functions through artificial means have become the important contents in the projects Z. Q. Yan et al. In addition, the alga bloom in eutrophic water will block the light and compete nutrients with submerged plants. At present, field experiments on submerged plants are still quite lack, and the document on submerged macrophyte experimental results still cannot effectively guide the field practice. The object of the present study is to probe the nutrient and alga removal effects of the CWs vegetated with different submerged macrophytes in field conditions, in order to provide the theoretical basis and practical reference for the application of submerged plants in restoration of eutrophic water. 
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Materials and Methods
Wetland Construction
Sampling and Measurement
Water quality measurement was conducted monthly. The nutrient concentration was tested after a 2-d-retention. Effluent samples were taken from the upper, lower, and middle parts of the wetlands, and then mixed and packed in 200 mL ethylene plastic bottles for immediate laboratory analysis.
The chl-a concentration was tested spectrophotometrically after a 10-d-retention from about 300 mL of water samples which were filtered through glass-fiber filters and extracted with 90% acetone solution for more than 20 h.
The taxa and the density of the phytoplankton were measured one month after irrigation in July and December. Water samples of 1000 mL were obtained using a cylindrical sampler. The water samples were preserved with Lugol's iodine and sedimented Z. Q. Yan et al.
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OALib Journal for more than 48 h. The supernatant was removed and the sediment of about 30 mL was collected. The alga density was counted from 0.1 mL of the sediment through a 0.1 mL counting chamber using a microscope at 40 × 10 magnification. Alga taxa was identified to species or varieties according to Hu and Wei (2006) [20] , and alga biomass was estimated according to the closest geometric shape of each taxa.
Nutrient concentration was measured according to the methods of The Environment
Bureau of the State [21] . TP was measured using molybdenum-antimony anti-spectrophotometric method, NH 4 -N was measured using reagent colorimetric method, and COD Cr was measured using potassium dichromate method.
Half of the specific CWs were harvested randomly in August, and fresh weight after washing and dry weight after drying at 80˚C for 24 h were measured. All the other wetlands were harvested at the end of the experiment and the fresh and the dry weights were measured using the same methods.
Competition indices between the submerged plants and algae were assessed based on the relative yield (RY) [22] , relative competitive intensity (RCI) [23] , and relative crowding coefficient (RCC) [24] . The relevant formulae are as follows:
where a is submerged plant, b is alga, Y is biomass, P a , P b is the proportion of species a and b respectively, Y ab shows the biomass of a in the presence of b, Y a shows the biomass of a in monoculture, and * shows that a in the formulae can be displaced by b.
Statistical analysis was conducted using SPSS18.0 and further analysis of the significant differences between intra-species and interspecies was processed using a twofactor ANOVA.
Results and Analysis
Nutrient Removal Efficiency
There was significant difference among the four CWs on TP removal rates (P < 0.01, Figure 1(a) ). Annual average removal rate of E. nuttallii wetland was the highest and significant higher than that of M. spicatum wetland (P < 0.05). Removal rate of E. nuttallii wetland was significantly higher than those of the other wetlands in July, August and September (P < 0.05). TP removal rates of the CWs varied significantly with seasons with higher removal rates in July to September (Figure 1(a) ). TP removal rate of M. spicatum wetland was highest in July, and those of the other wetlands were highest in September.
NH 4 -H removal rates were significant different among the specific CWs (P < 0.01, Figure 1(b) ). Annual average removal rate of H. verticillata wetland was the highest and significantly higher than that of E. nuttallii wetland (P < 0.05). Removal rate of H. verticillata wetland was significantly higher than those of the other wetlands in July and September (P < 0.05). 
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There were significant differences in COD Cr removal rates among the CWS (P < 0.01, Figure 1(c) ). M. spicatum wetland had a significantly higher removal rate than the other three wetlands throughout the year (P < 0.05). COD Cr removal rates varied significantly with seasons. H. verticillata wetland had a higher removal rate in August, and the other wetlands had higher rates in September.
Concentration of chl-a
There were significant differences in chl-a concentration among the CWs (P < 0.01) (Figure 2 ). Annual average chl-a concentration in E. nuttallii wetland was significantly lower than the other three wetlands (P < 0.01), and V. natans wetland had the highest chl-a concentration. Chl-a concentration of the CWs presented a marked seasonal variation, with higher values in summer and lower values in winter (Figure 2 ).
Macrophyte Biomass
Macrophyte biomass varied significantly among the CWs (P < 0.05) (Figure 3 ). E. nuttallii wetland had the largest biomass, and M. spicatum wetland had the smallest value.
Macrophyte biomass varied significantly with seasons (P < 0.01), with significantly higher biomass in summer than winter (P < 0.05) for all the wetlands except M. spicatum wetland (Figure 3 ). In summer, the biomass represented a greater difference among the CWs than in winter.
Phytoplankton Taxa and Density
Species of phytoplankton in all wetland were significantly more in summer than in winter (Table 1) . There were at least five dominant species in all wetland in summer, 
Z. Q. Yan et al.
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OALib Journal Figure 3 . Macrophyte biomass in the monoculture CWs vegetated with submerged plants H. verticillata, E. nuttallii, M. spicatum and V. natans. *Indicates significant differences between seasons in the same CW (P < 0.05), and different letters indicate significant differences among different CWs in the same season (P < 0.05). but were all less than four in winter. Scenedesmus quadricauda was always the main alga both in summer and in winter, and Chlorella vulgaris and Cryptomonas ovata also had larger dominance.
Competitive Indices of Plants and Algae
The relative yield (RY) of E. nuttallii wetland was more than 1 ( Table 2 ). This indicated that the intraspecific competition of the plant was more serious than the competition Z. Q. Yan et al.
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OALib Journal between the plant and the phytoplankton. The RYs of H. verticillata and V. natans wetlands were less than 1, indicating that the influence of phytoplankton on these plants was more serious than the intraspecific competition of these plants. The RYs were not significantly different between winter and summer for all the wetlands except M. spicatum wetland.
The relative competitive intensity (RCI) of E. nuttallii wetland was measured a negative value, indicating that the competition between E. nuttallii and phytoplankton was small. RCIs of H. verticillata and V. natans wetlands displayed positive values, indicating that the competition between plants and phytoplankton was serious. M. spicatum wetland was slightly influenced by competition in winter, and more seriously in summer. The competition between the plants and phytoplankton in other wetlands was not significantly different between summer and winter. E. nuttallii wetland had the smallest relative crowding coefficient (RCC) ( Table 2 ), indicating that this plant had stronger competition ability over the phytoplankton than other plants. M. spicatum wetland also had smaller RCC value. All the four specific CWs had RCC values close to 0 in summer, indicated that all the submerged plants had a strong competitive ability over phytoplankton in summer.
On the whole, the competitive intensity of E. nuttallii over phytoplankton was stronger than the other three plants. H. verticillata also had a stronger competitive ability over the algae, especially in winter.
Discussion
Nutrient removal rates were significantly different among the CWs (P < 0.01), and the four submerged plants had respective advantages in removing different nutrients. E. nuttallii wetland has the highest removal rate for TP; H. verticillata wetland has the highest removal rate for NH 4 -N and M. spicatum wetland has the highest removal efficiency for COD Cr . This suggests that it should be on a comprehensive basis to evaluate the nutrient removal efficiency of submerged plants. This also suggests that mixed CWs are likely to have a better comprehensive nutrient removal effect. However, little has been known about the interactions of mixed submerged plants in the CWs in growth and nutrient removal.
Removal rates of the measured nutrients in the present study except COD Cr varied significantly with seasons. This might correlate with the seasonal variation of the Table 2 . Competition indices between the four submerged plants and algae in the monoculture CWs. [25] . High water temperature in summer also makes the algae grow more quickly, which might be also responsible for the higher removal rates in summer months.
In the present study, E. nuttallii wetland had the lowest chl-a concentration. This might correlate with its vigorous growth and the largest biomass. However, M. spicatum, which had the smallest biomass, had also lower chl-a density. This suggests that there might be other mechanisms for the alga inhibition in the submerged plant CWs other than the direct competition for light and nutrients between the submerged macorphytes and the algae, for example allelopathy.
The phytoplankton species in the present experiment were mainly those of Scenedesmus, Chlorella and Cryptomons. All these alga were indicator species of eutrophication, although different eutrophic waters have different alga indicator species [26] . Even with the vegetation of submerged plants, water quality in our experiment CWs was basic in eutrophic state. Study of Kocum & Sutcu [27] also confirmed this rule, and they also found that proportion of Scenedesmus was higher in stations with severer pollution. Barone & Naselli-Flores [28] found that in a small eutrophic temporary pond, without grazing pressure in spring, the Cryptomonads bloomed in summer.
As can be seen from the relative yield, relative competitive intensity and relative crowding coefficient, the intraspecific competition in E. nuttallii wetland was stronger than the interspecific competition both in summer and winter. This means that the inhibition ability of E. nuttallii on alga growth was efficient all over the year. The intraspecific competition was stronger than interspecific competition in M. spicatum wetland in winter. This might correlate with the better growth of this species in winter, and might be due to the lower growth and reproduction of the algae in winter. We conjectured that the high inhibition ability of E. nuttallii might be due to its strong adaptability and high biomass, and that of M. spicatum might be due to its allelopathy. 
